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enhanced control and monitoring capability. Record number of protons per spill appear to OCR Output
new control system, centered around the vital NFM muon counting equipment, has provided
has been refubished and improved for the purpose of CHORUS and NOMAD. A completely
1) The present West Area Neutrino Facility (WANF) is in excellent condition, after it
options for future experiments.
A neutrino facility has to be kept at the CERN SPS. It should be equipped with a number of
2 Future wide band neutrino beams at CERN
be delayed.
these possibilities should be pursued if, for some reason, the FNAL experiment E872 will
be feasible and would yield ~ 100 events. Two different techniques are discussed. One of
would be the aim of a possible future experiment. A beam dump experiment at CERN would
is adressed in Chapter 4. lf no events of u,,—»u, oscillation will be observed this detection
The question of the detection of the tau neutrino, directly produced at the proton target,
enough events are being observed.
varied. The radial and energy dependence of u, / u,, could be used for this purpose provided
neutrino. Is the oscillation v,—»u, or Vp —·u,? To decide this the flux ratio u, /u,, has to be
Another aspect of the observation of u, induced events is the identitication of the parent
Different options are discussed in Chapter 3.
the phenomenon further, to sin26) 5 10, a new detector of larger mass will be required.z ‘5
sinz 29 ~ l0"‘ seems to be feasible in the presently approved progranune. To constrain
Amz > 1eV’, may be too small to be observable with the present experiments. A limit of
In another scenario, the phenomenon of neutrino mixing in the mass range under study,
Concepts for a new more massive detector are described in Chapter 3.
vide the possibility to change E., / L to adjust for the most precise measurement of Am?
shielding of muons and a compact focussing section. A new neutrino beam should also pro
event rate. Such a beam will be sketched in Chapter 2. It can be designed using magnetised
Am? will require a modified wide band neutrino beam with AL/ L ~ 10% and increased
for Amz < 100e V2. For large Am? only a lower limit can be set. A better measurement of
path of the neutrino, AL/ L ~ 27%, we expect to be able to have a determination of Am?
the tau neutrino with a resolution of ~ 20%. Taken together with the uncertainty of the flight
sion technique we can measure the direction of the tau lepton and determine the energy of
the reaction u, N -»·r' X and a background of ~ 1 event. Using the full power of the emul—
the CHORUS experiment, with its extension into 1996/97, would observe ~ 140 events of
lf the phenomenon of up — u, oscillations should exist at the level of the present 90% C.L.
1 Physics scenarios
experiments.
planning for the possible different outcomes and continuation of the CHORUS and NOMAD
oscillation" is progressing it is necessary to look into the future, to make sure that CERN is
As data taking and data analysis of the CHORUS experiment "A new search for uu — u,
The CHORUS Collaboration
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weak signal is found, it is important to improve the sensitivity to neutrino oscillations by OCR Output
In the case that in the present round of experiments no neutrino oscillation signal or a very
3 Detector Options
diameter of the decay tunnel, for short baseline neutrino physics have to be studied.
as well. The usefulness of the presently discussed parameters of the line, like length and
meters deep would have to be excavated. An active shield would be needed in this line
be such to serve also CERN based neutrino experiments. A neutrino detector pit about 100
neutrino beam lines with the required large number of protons. Therefore this line should
Available proton intensities in the SPS cannot support the simultaneous operation of two
An adequate real time control system based on muon detection should be built into it.
lithium lens and other options for focussing devices there also could be examined in detail.
conventional horn type of lenses. It includes attractive features of tunability in energy. A
The feasibility of such a beam line has been shown by a preliminary design, based on
trino masses unaccessible to current experiments.
large distance. This would be the natural direction to follow in order to explore small neu
2) A future Long Baseline Neutrino beam is being discussed, aiming at detectors at very
relative longitudinal positions and currents, to the most convenient average neutrino energy.
It is also important to design a layout of target and lenses which can be tuned, changing
A full study of different focussing options is necessary, aiming at short focussing lengths.
have to be installed.
the front region of the present long decay tunnel where target and focussing devices would
cussing section about 250 meters downstream. Important modifications would be needed in
ln tig. 1 the reduction of the decay path is achieved by moving the target and the fo
stronger rejection of background.
iments. The antineutrino contamination would be larger up to about 7%, thus requiring a
150/400, but would still be about 1.5 times bigger than the one seen by the present exper
The neutrino flux in a detector 400 m from the target would be reduced in the ratio
’cave" but the length of the decay tunnel is reduced to 50 m.
figuration is shown in fig. 1, where the focussing section is still the present long neutrino
and a much shorter decay tunnel could satisfy this requirement. An example of such a con
A more compact focussing section, possibly based on new focusing devices (Li lenses),
region or in the 300 m long decay tunnel.
be reduced. Presently the neutrino can be produced anywhere in the 100 m long focussing
path of the neutrino, the main component in the uncertainty of the neutrino mass, should
beam line in order to constrain the value of the neutrino mass. The uncertainty in the flight
If 1/,, - u, oscillations are detected, further modification should be introduced in the
explore lower mixing angles if CHORUS and NOMAD do not detect an oscillation si gnal.
A more massive detector coupled to the above increase in flux could provide a way to
possibility.
just beyond the present iron shielding. A full study has to be carried out to investigate this
than 800 m as it is now. A new underground detector pit of 25 m depth should be excavated,
ately after such a new shielding, about 400 m downstream of the production target, rather
designed, a factor of four increase in neutrino flux is possible on detectors located immedi
If an effective active magnetic shielding based on powerful bending elements can be
400 m long shielding.
the WANF. One of the ways to achieve this is a significant shortening of the present passive
An increased neutrino flux is the cormnon requirement of all possible future options for
ators.
sured beam spectra and composition appear possible, using improved proton shower gener
be successfully sustained by the new neutrino production target. Better simulations of mea
into a muon and neutrals. These D's are produced by the antineutrino component in the OCR Output
RUS experiment the main contribution is due to the decay of negatively charged D meson
The decay channel of the tau into a muon has a lower intrinsic background. ln the CHO
target being already the most sensitive detector to suppress this background.
reduce this background any further by examining the properties of the kink, the emulsion
with no visible additional activity (white kink background). It is probably not possible to
the tau is given by interactions of pions from the neutrino interaction which produce a kink
In the CHORUS experiment, the largest background in the hadronic decay channels of
experiment will not improve anymore linearly with the event rate.
the same time, the background rejection. lf this can not be achieved, the sensitivity of the
When the event rate is increased by an order of magnitude, it is necessary to improve, at
3.2 Improved Background Suppression
direction, is sufficient for high background rejection.
mation, based on the projection transverse to the beam, i.e. with capillaries in the beam
studies has been submitted [1]. A study is needed to decide if the two-dimensional infor
scintillator could provide enough mass. A research and development proposal for further
Altemately, targets made of a large number of rods of glass capillaries filled with liquid
events with low background.
Studies will be performed whether these targets can provide enough information to select
pm absorber material and emulsion on both sides of a thin plastic foil of similar thickness.
ers and thin absorber sheets which provide the mass, e.g. a stack of foils, altemating 100
One needs to consider building a sandwich of thin, very high precision emulsion lay
massive target made fully of emulsion may be economically unrealistic.
to measure the direction of the tau, and the decay angles. Unfortunately a si gniticantly more
the event. mulsion targets provide for a visual signature of the decay and make it possible
a combination of the detection of the decay and by precise measurement of the kinematics of
A vital ingredient of a low-background experiment is the ability to select events based on
modules.
design a scalable detector, i.e. a detector formed by the repetition of similar autonomous
to measure the kinematics of the events with enough precision. It is therefore important to
like CHORUS, since too much showering would occur already in the target to still be able
by a factor two. It is not possible to just increase the mass of the target section in a detector
increased by a factor tive, assuming that the integrated yearly neutrino iinx can be increased
In order to achieve the required event rate, the effective mass of the neutrino target must be
3.1 A Large Mass Detector
suppress the background.
Some ideas will be presented for a possible increase of the detector mass and to further
modes of beam operation.
scheme used. The capabilities of various detector techniques can be explored for different
The mode of operation of the beam may also be chosen to ht optimally to the detection
SPS.
accelerator, or a combination of the two. Both solutions require a dedicated operation of the
improve the intensity of the proton beam per spill and to increase the repetition rate of the
rable, to the oscillation length (i.e. large Am”). Other options, to increase the tiux, are to
tion is only interesting if indications exists that the distance is still larger than, or compa
The neutrino llux cart be enhanced by moving the detector closer to the source; this op
same factor.
increased event rate, the background rejection of the experiment has to be improved by the
mizing the mass of the neutrino target. At the same time, in order to fully profit from the
increased luminosity. This can be achieved by enhancing the neutrino tiux and by maxi
faster methods for automatic measurement. OCR Output
imization of the thickness of emulsion layers, without jeopardizing their performance, and
Further development of the emulsion technology should be pursued, to allow for a min
RUS and NOMAD detectors will be very valuable.
be achieved with the various techniques. The experience gained at present with the CHO
Many studies have to be performed to determine what level of background suppression can
3.4 Research and Development
have in mind to build.
to be adjusted. No fundamental problems have been found for the types of detector one may
tector in a period of 23 ps, the size and effective gate-times of some detector elements have
still acceptable. In a situation where the same number of beam related tracks passes the de
meter per 10*3 protons on target. lt is estimated that an occupancy below l0" would be
presently observed in the \Mde-Band Beam. We find now 25 beam related tracks per square
The occupancy of the different detector elements can be estimated using the values
used in CHORUS exists for operation under short-spill conditions.
A preliminary study shows that a readout method for each of the detection techniques
itself.
ing signal. At present, this is not possible and a fast gate has to be provided by the detector
spill (in the order of milliseconds) is the possibility to open a detector gate with a beam tim
beam. A major difference of a short spill (in the order of microseconds) compared to a long
likely that a detector can be used interchangeably in a fast-slow extraction and a fast ejected
The fast ejection modes bear some influence on the detector design and, in fact, it is un
full use of the latter extraction mode, dedicated operation of the SPS is needed.
times would leave considerable fractions of the circumference of the ring unused. To make
the switching time, and hence maximize the efficiency of the accelerator. Too big switching
milliseconds. A specially designed set of extraction magnets has to be made, to minimize
target recover from the stress. Both requirements lead to a delay of typically a few tens of
tions a sufficient time delay can be inserted to read out the detector and to let the production
net to reach the field necessary to selectively eject one train at a time. Between these ejec
the ring. The inter-train gap would have to be just large enough to enable a fast kicker mag
with a small number of long bunch trains, e.g. four trains filling each almost one-fourth of
A more sophisticated possibility is a partial-tum fast ejection, where the ring is first filled
promising, although still a lot of studies are needed before this can be confirmed.
intensities, and new target material has to be adopted. The use of carbon as a material looks
the ring in one tum. This mode is likely to break the present targets, even at moderate proton
Another mode of operation is the use of a fast spill, where the protons are extracted from
stresses.
intensity onto a thin Beryllium target without creating too large instantaneous mechanical
the present detectors, and allows one to extract in two spills the presently available proton
spill time distribution with a duration of 6 ms at the base. 'This mode is well suited for
At present the proton beam is extracted with a "fast—slow" spill, which delivers a bell-shaped
3.3 Modes of Beam Operation
coverage is achieved.
The rejection of events with a positive muon in the final state requires that a large angular
one of hadronic decays by a factor of two.
this background even further. This channel has a background level which is lower than the
matics measuring also the direction of the tau and the decay angles, allows one to suppress
nation, together with a superb recognition of positive muons and constraints from the kine
beam, and are accompanied by the outgoing leading positive muon. A low beam contami
numbers of the Fermilab proposal assuming that the cross-section for charm production by OCR Output
For a rough estimate of the number of events that can be detected, we just scaled the
check that the signal is originated by "prompt" neutrinos (i.e. neutrinos from charm decay).
densities of the proton dump (a usual technique in this kind of experiment). One could then
direct. However, with an electronic experiment, one could perform data taking with different
With respect to the emulsion technique, the discovery of u, interactions would be less
per spill, for a 100 msec spill).
larger than that tolerated by an emulsion experiment (e.g. ~ l0° instead of ~ 5 x 10·’ muons
An electronic experiment exploiting this technique could handle a flux of muons much
be handled with cuts on the kinematical characteristics of the pion.
background from NC events induced by all neutrino species is present, but it can probably
as a single track followed by a hadronic shower. 'l`he CHARM II experience shows that a
decay r —» vm,. The single pion produced in the reaction would appear in the calorimeter
is to use a tracking calorimeter to search for the reaction u,N - 1-N', followed by the
adopted by the CHARM Il collaboration to set limits on up - v, oscillations[4]. The idea
as an alternative technique for detecting v, interactions, the one which has been successfully
Since such a reduction factor may not be achievable, we considered the possibility of using,
4.2 Electronic detector
approximately 6 orders of magnitude (from ~ l0“’ to ~ 5 x 103 muons per spill).
dump from the detector: for each spill (~ 10‘”POT) the muon flux should be lowered by
be achieved by an active (magnetic) shielding placed in the 30-50 m which separate the
1010/m2[3], integrated over the total running time. The reduction of the muon iiux should
maximum number of muons which the experiment can tolerate, which is of the order of
10‘9POT). However, the main problem of the emulsion technique is represented by the
lower energy, would be compensated by the larger number of protons available (order of
for charm production and the smaller cross section for u, CC interactions, both due to the
of using at CERN the CHORUS set up. \Mth respect to Fermilab, the smaller cross section
In case the Fermilab experiment will not be carried out or will be delayed, one could think
4.1 CHORUS detector
funding of the project.
The actual realisation of the experiment depends on the result of these tests and on complete
Preliminary test on the feasibility ofthe experiment will be carried on in 1995 and 1996.
of tau decays detected in the emulsions will be of the order of 200.
to keep the flux of u, at a detectable level. It is expected that with 2 x 1018POT the number
placed at ~ 35m from the tungsten target, the short distance from the dump being needed
interactions and for the subsequent decay of the r leptons. The emulsion stack would be
produced in the dump. An emulsion target will be used to search for charged current u,
target to produce a substantial flux of r neutrinos, coming from the decay of the D, mesons
been proposed at Fermilab[3]. The 800 GeV proton beam will be dumped into a tungsten
More recently, a beam-dump experiment aimed at the detection of u, interactions has
few years ago in the context of the experimentation at LHC[2].
The possibility of discovering interactions induced by tau neutrinos has been investigated a
4 Detection of zz, interactions
tector design.
'l`he use of different beam extraction modes should be investigated together with a de
targets made of capillaries.
The result of the proposed studies [1] should show whether it is possible to build large
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line experiment should not be excluded.
(7) if a long base line neutrino beam would be built at CERN the option of a short base
be studied;
(6) short focussing sections (Li lenses or plasma lenses) to provide more flexibility should
(5) dedicated modes of SPS operation should be considered;
(4) to develop these additional options CERN should study magnetic muon shielding;
(3) CERN should keep the West Area Neutrino Facility and additional options available;
(2) support for detector development is requested;
(1) future neutrino experiments at CERN are of great interest;
In summary we conclude that:
5 Conclusions
iment is a major problem which we did not yet investigate.
ment can really lead to the discovery of u, interactions. However, the location of the exper
Although more detailed calculations are needed, we believe that the described experi
could be performed by lowering the dump density, as mentioned before.
events). A second, very powerfull check, of the origin of the events (prompt vs non prompt)
beam direction (this distribution has already been measured by CHARM II for background
from background events using the different distribution of the vr momentum transverse to the
events is estimated to be of the same order of magnitude. u, events will be discriminated
lowing each iron target slab of approximately 3 cm thickness). The number of background
meters length (the detector should contain tracking elements, e.g. streamer tubes planes, fol
before interaction)[4]. For 2 x 1019 protons, we get 200 u, events in an iron target of 20
cay greater than 10 GeV) and e, ~ 0.20 (pion travelling more than 1.5 interaction lengths
Also taken into account were the efficiencies eg ~ 0.20 (energy of the pion from the r de
'visible"equasi-elastic cross-section was taken to be a : 0.50 x 10‘cm2 per nucleon.38
tor would cover 120 mrad around the beam axis (instead of the 9 mrad at Fermilab). The
450 GcV protons bc a factor 2 lowcr than that at 800 GcV[5]. We assumed that the detec
(CEFOR, below). OCR Output
and a possible configuration for CERN future oscillation research
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